Thresholds for interaural difference between the intensities of dichotic tone pulses were measured on five subjects by the method o[ constant stimuli, at frequencies between 250 and 10 000 cps and at a sensation level of 50 db. The just noticeable dlchotlc difference in intensity is about 1 db at 1000 cps, a little smaller at lower frequencies, and still smaller (0.5 db) at higher frequencies. This function is compared with the interaural difference in intensity produced by the just noticeable deviation from the median plane of an actual source of tone pulses. At low frequencies, xvbere phase or time differences are generally considered more important than intensity differences for auditory localization, these two functions differ greatly. At frequencies between 1500 and 6000 cps, the threshold for a dichotic difference in intensity matches the interaural difference in intensity that is produced by the just noticeable deviation from the median plane of an actual source. The relation between the discrimination of dichotic differences in phase and intensity and the discrimination of actual direction is shown in a graphical summary.
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HE results of experiments on the localization of actual sources of sound indicate that the perception of the direction in which a source lies rests upon dual bases: interaural differences in phase or time for sounds of low frequency, and interaural differences in intensity for sounds of high frequency. One way to test this notion is to measure the error of localizing an actual source of sound to determine the interaural differences in phase and intensity that correspond to that error, and to compare each of these differences with the interaural difference in phase or intensity that is just noticeable when the same sound is presented dichotically, i.e., to each ear through a separately controlled earphone.
The relative precision of the auditory localization of an actual source of tone pulses (the minimum audible angle) has been measured in previous experiments) .2 So also has the just noticeable dichotic difference in phase) At frequencies below about 1300 cps the interaural difference in phase that is produced by the just noticeable deviation of an actual source from the median plane agrees well with the just noticeable dichotic difference in phase. At higher frequencies interaural difference in phase cannot be detected, and we look to interaural difference in intensity for the cue to the direction of a source of sound.
The purpose of this investigation was to measure the iust noticeable interaural difference in the intensity of a dichotic tone pulse as a function of its frequency, and to compare this difference with the interaural difference in the intensity of a tone pulse produced by an actual source just noticeably displaced from the median plane. For those frequencies at which these two functions co- 
METHOD
The just noticeable dichotic difference in intensity was determined by the method of constant stimuli. The subject heard a fixed dichotic tone pulse approximately iu the center of his head, and reported whether a second variable dichotic tone pulse appeared to the right or left of the fixed tone pulse. When he was not sure he had to guess. The experiment was conducted in sessions lasting about 15 rain, during which a threshold was obtained at one stimulus frequency. The subjects were five experienced listeners with essentially normal hearing.
At the beginning of each session a dichotic tone pulse 1 scc long was presented to the subject at S-see intervals over PDR-8 earphones connected in phase. The pulses For the subjects used in this experiment this adjustment was usually smaller than 3 or 4 db. The interaural difference in the sound pressure level of this tone pulse was constant during the rest of the session. When the first tone pulse had been centered, allother ..,irailar tone pulse was added 1 sec after the first. The interaural difference in sound pressure level of lhe second tone pulse was varied symmetrically around the interaural difference in sound pressure level of the first by means of a differential attenuator which was reset in quasi-random sequence during each quiet interval. Twenty pairs of tone pulses were presented to the subject at each of four to seven setlings of the differential shift between the earphones selected was less than the jnst noticeable difference in dichotic phase. At higher frequencies the earphones were matched for rms sound pressure levels on the basis of separate calibrations, using a 13-cc coupler and a 640 AA condenser microphnnc. Normally lbc carphones were worn in CZW-6 carphone sockets which enclose a cavity of about 13 Working into this cavity, the PDR-8 earphone has sharp resonance near 6000 cps. In order to keep clear of this resonance, the 6000-cps stimuli were presented with HZM-9 carphone sockets which enclose a cavity of about 24
RESULTS
The solid points in Fig. 1 show the median thresholds for a dieboric difference in intensity at frequencies of 250, 500, 750, 1000, 1500, 2000, 3000, 4000, 6000, 8000, and 10000 cps. The threshold is largest (about 1 db) at 1000 cps, a little smaller at lower frequencies, and still smaller (about 0.5 (lb) at higher frequencies. The reason for the maximum that appears near 1000 cps is not immediately apparent. This effect has been investigated in a further experiment tlmt will be reported in a audible angle by the method of constant stimuli was similar to the procedure of the present experiment? The azimuth of an actual source of tone pulses in an anechoic chamber was adjusted until lhe subject reported that it sounded straight ahead. Pairs of 1-see tone pulses were then presented, the first of each pair at the azimuth that the subject had called center, and the second a little to the left or right of that azimuth. The subject reported the apparent direction of the second tone pulse relative to the first. The minimum audible angle was obtained by computing the just noticeable difference in azimuth from a psychometric function in the way described above. In the experiment using the method of adjustment, Sandel et al. 2 report that the subject adjusted the azimuth of a source of white noise until it appeared to be in the same direction as a fixed source of tone pulses that was actually located straight ahead of him. Sandel et al. reported these thresholds in terms of the 10-to-90% range of the distribution of adjustments; they are given here in terms of the 254o-75% range, computed on the assumption that the adjustments were normally distributed. Returning to Fig. 1 , we see that, between about 1500 and 6000 cps, the just noticeable dieboric difference in intensity (solid points) is approximately equal to the interaural difference in intensity that corresponds to the minimum audible angle about lhe median plane (open symbols). At frequencies below about 1500 cps, the dichotic thresholds are too large to play much part in the localization of actual sources. At frequencies above 6000 cps, the subjects were able to discriminate dichotic differences in intensity smaller than the differences that correspond to the minimum audible angle about the median plane. At these high frequencies the wave length of sound approaches the dimensions of the irregular features of the head. The variations of interaural difference in intensity encountered by the subject who is trying to detect small changes in the azimuth of an actual source of very high-frequency sound are probably so erratic that they lose their cue value. Thresholds for dichotic differences in phase and intensity are plotted here, together with the interaural differences in phase and intensity that correspond to the error of localizing an actual source of tone pulses near the median plane. Below about 1500 cps the two functions for phase difference agree; above that frequency they diverge. Between about 1500 and 6000 cps the two functions for intensity difference agree; above and below this range of frequencies they diverge. These results confirm the duplicity theory of auditory localization that has been suggested by investigations using other methods.
